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The 20(S)-ginsenoside Rh2 (Rh2) is a rare type of triterpenoid saponin from Panax ginseng known for
its biological effects. Its amphiphilic structure consists of a dammarane backbone and A-D—glucose in
the 3 position (Fig. ). Contrary to most triterpenoid saponins, Rh2 evokes potency against several
cancer cell lines and possesses a similar gross shape to steroidal hormones, which led to the premise
that it acts through glucocorticoid receptor (GR). Studies show that Rh2 is capable of increasing the
nuclear translocation of GR at par with the activity of the synthetic glucocorticoid, dexamethasone. For
a ligand to be recognized by GR located in the plasma membrane or cytoplasm, it has to diffuse through
and across the membrane bilayer. Since Rh2 is postulated to adopt a similar mechanism, the investigation
of its membrane interaction is deemed crucial. Previous studies suggest that Rh2 requires cholesterol
(Cho) and/or sphingomyelin (SM) in its membrane interactions; however, an inductive mechanism has yet
to be elucidated. Using biomimetic membranes composed of 1-palmitoyl-2-oleoyl-sn-glycero—-3—
phosphorylcholine (POPC), N-palmitoyl-D-erythrosphingosylphosphoryl— choline (PSM), and cholesterol (Cho)
this research aims to apprehend the lipid— and phase—driven interactions of Rh2 with respect to the

totality of the membrane, and at the atomistic scale
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Figure 1. Structure of 20(S)-ginsenoside Rh2 (Rh2)

In the first part of the research, different concentrations of Cho and PSM in models were utilized
and compared towards the activity of Rh2. Permeability studies revealed that Rh2 might not exclusively
depend on membrane Cho or PSM. This is evidenced by significant leakage activity and membrane deformations
of pure POPC vesicles in the presence of Rh2. Experiments at the atomistic level reported the membrane
headgroup disordering effects of Rh2 in both Cho and PSM-containing bilayers. In the sample preparation
for solid-state NMR, Rh2 was incorporated in the lipid mixture prior to the formation of vesicles;
therefore, the saponin is driven towards the membrane interior. The results indicate that Rh2 perturbs
interactions at the environment of the phosphocholine headgroup, and decreases junction between lipids.
This is presumed to result in splayed acyl chains and reflects in the increased wobbling of deuterium—
labelled PSM tail with Rh2 concentration. In contrast, deuterium labelling at the rigid ring of Cho
reported limited changes in its tilt angle with increasing Rh2 concentration. This can be rationalized
by the constrained interactions of Rh2 with Cho. Rh2’ s core has a bifacial rough face enriched with
methyl and hydroxyl groups that may restrict its binding with Cho. Furthermore, Cho may prefer mixing
with POPC or PSM to uphold the umbrella effect. In the time-course leakage assay, Rh2 was described to

have different leakage rates in liquid-ordered and liquid-disordered membranes. Since Rh2 was also




reported to disrupt lipid rafts in cell membranes, its interaction and activity towards different liquid
phase states may be noteworthy for investigative research

In the second study, the behavior of Rh2 towards model membranes with diverse phase states was
examined. Based on the phase diagram reported for PSM, POPC, and Cho, lipid bilayers consisting of
different lipid mole ratios were prepared to generate homogenous Lo (PSM/POPC/Cho 35:25:40), homogenous
Ld (PSM/POPC/Cho 17:75:8), and Lo—dominant phase—separated membranes (PSM/POPC/Cho 1:1:1). Rh2 is a
unique saponin that renders diverse effects on different membrane phases. The presence of the hydroxy
groups at the 12 and 20 positions allows Rh2 to bind to the polar membrane surface. Based on the fluorescence
measurements (DPH, laurdan, and prodan generalized polarization (GP)), a saturation of the membrane surface
results in the partial dehydration of the membrane interior and the reinforced hydrophobic interactions
of the lipid chains. At higher saponin concentrations, Rh2 inserts effectively into the fluid Ld phase
compared to the Lo phase. This insertion is supported by the surface pressure—area (m—-A) isotherms
revealing that Rh2 binds more abundantly to the monolayers of the Ld lipid composition than to those of
the Lo lipid composition (experiment c/o Dr. Masanao Kinoshita of Kyushu University). In addition, imaging
of phase-separated vesicles using confocal fluorescence microscopy illustrates the deformations brought
by distinct binding of the saponin in Ld and Lo domains in the presence of Rh2. Molecular Dynamics (MD)
simulations also suggest that the sapogenin portion of Rh2 is located in a relatively shallow region of
the hydrophobic interior of the Ld phase (Fig. 2, experiment c/o Dr. Peter Greimel of RIKEN CBS). These
results disclosed the unique mechanism in the efficient membrane permeabilization by Rh2; the saponin
accumulates asymmetrically on the surface and in the shallow interior of the less ordered bilayers such
as the Ld phase to cause membrane disruption.

Overall, these results disclosed the unique mechanism in the efficient membrane permeabilization by
Rh2; the saponin accumulates asymmetrically on the surface and in the shallow interior of the less ordered
bilayers such as the Ld phase to cause membrane disruption. Understanding the molecular mechanism of Rh2
is advantageous in ensuring wider applications of the saponin. The importance of determining the precise
mechanism of Rh2 concerns its applications, as Rh2 can be devised as an adjuvant in liposomal drug delivery
systems. More generally, knowledge of the affinity of saponins for the membrane allows us to modify their
structure for improving specific recognition by target cells. A better comprehension of their activities
will tailor to factors of drug development, such as structure modification for longer bioavailability and
lower hemolytic capacity.
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Figure 2. Snapshots of MD simulation showing the orientation of Rh2 in bilayers consisting of POPC in

the presence of 10 mol% Rh2. The green arrows and degrees in the insertion of the upper panels indicate
the orientation of the C3-C17 sterol core of Rh2. The phospholipid headgroups and terminal methyl
groups in membranes were shown in large and small balls. Experiment c/o Dr. Peter Greimel of RIKEN
CBS.
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